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Pathogenesis of genital HPV infection

A Schneider

Abstract
Clinical, subclinical, and latent human
papillomavirus (HPV) infections are dis-
tinguished from HPV-associated neopla-
sia. Besides HPV additional cofactors are
necessary to transform HPV infected tis-
sue to intraepithelial or invasive neopla-
sia. Risk factors for the presence ofHPV
are high number of sexual partners,
early cohabitarche, young age at first
delivery, suppression and alteration of
immune status, young age and hormonal
influences. While the fact of a high
number of sexual partners exclusively
increases the risk of HPV infection, it is
not known whether the other factors lead
to either an increased risk for HPV infec-
tion and/or to HIPV-associated neoplasia.

Subclinical and latent genital HPV
infections are highly prevalent. The
prevalence rate depends on the sensitiv-
ity of the HPV detection system used, on
age and sexual activity of the population
screened, and on the number of subse-
quent examinations performed for each
subject.

Sexual transmission is the main path-
way for genital HPV's, however, vertical,
peripartal, and oral transmission are
also possible.

Seroreactivity against genital HPV
may be due to an active infection or the
result of contact with HPV earlier in life.
Antibodies against the HPV 16 E7 pro-
tein indicate an increased risk for cervi-
cal cancer. Compared with humoral
response cellular immune response is
probably more important for regression
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of genital HPV infection: impaired cellu-
lar response is characterized by deple-
tion of T helperlinducer cells and/or
Langerhans cells and impaired function
of natural killer cells and/or the infected
keratinocyte.

In condylomata replication and tran-
scription of viral nucleic acids and anti-
gen production coincide with cellular
differentiation. However, the interaction
between HPV and the keratinocyte on a
molecular level in subclinical and latent
disease is not well understood.
Regression or persistence of subclinical
and latent genital HPV infections as
observed in longitudinal investigations
show a constant come-and-go of HPV
presence. Subclinical or latent cervical
infections with high-risk HPV types
(such as HPV 16 and 18) have an
increased risk for the development of
HPV-associated neoplasia.

(Genitourin Med 1993;69:165-173)

Introduction
There is general consensus that genital
human papillomaviruses (HPV) play a major
causal role in the development of cervical
cancer.' Despite increasing knowledge about
the biological potential of genital HPV's in
connection with anogenital carcinogenesis
relatively little is known about the pathogene-
sis of genital HPV infections. The following
review tries to summarise the current knowl-
edge on such aspects as prevalence, transmis-
sion, course of infection, immune response
and risk factors.

Definition and diagnosis
For the classification of genital HPV-associ-
ated lesions a generally accepted nomencla-
ture is not available. However, most clinicians
differentiate HPV infections (benign disor-
ders) from HPV associated diseases (prema-
lignant or malignant disorders) since in
addition to HPV other factors are needed to
transform the epithelium to its premalignant
or malignant state (fig). Moreover, clinical
infections are distinguished from subclinical
and latent infections. Clinical HPV infections
such as condylomata acuminata cause symp-
toms and are easily recognised clinically.
Subclinical HPV infections such as flat
condylomata may be diagnosed by the pres-
ence of koilocytes or dyskeratocytes which are

Frauenklinik
University ofUlm
Prittwitzstr. 43
W-7900 ULM,
Germany
A Schneider
Accepted for publication
28 January 1993

165



166

Table 1 Spectrum of various HPV types detected by three commonly used HPVdetection
systems

HPV 6111 16 18 26 31 33 35 39 40 42 43 44 45 51 52 53 54 55 56 57 59

* 6/11 16 18 26 31 33 35 39 40 42 45 5253 545 56 57 59
t 6/11 16 18 31 33 3X 39 43 44 45 51 2 56
f 6/i1 16 18 31 33 5 4 43 44 45 51 52 56

*Consensus PCR Li: Manos et al., 19891"8
tGeneral/Type-specific PCR Li: Snijders et al., 1990169
*Hybrid CaptureT.: Impraim et al., 1993170

specific morphological signs for permissive
HPV infection.2 These signs, however, are

only present in the minority of subclinical
lesions; other colposcopic or cytomorphologic
criteria possibly present in subclinical HPV
infection are so subtle and non-specific that
their diagnosis is difficult to reproduce.3'5
Therefore, virological assays must be applied
for specific diagnosis of subclinical disease,
virus detection being the only way for a

proper diagnosis of latent HPV infection,
since, by definition, morphological changes
are absent.

For detection of the various genital HPV
types of which 28 have been established so far
identification of viral DNAs or RNAs by vari-
ous hybridisation techniques is used. When
analysing results of published material on

HPV it is crucial to know the validity of the
different techniques, their sensitivity and
specificity, and the spectrum of HPV types
detectable (Table 1). No perfect hybridisa-
tion method exists at present. Southern blot
hybridisation is still used as the gold standard
for reliable DNA identification of the various
HPV types; however, between 5000 and
50 000 HPV DNA copies need to be present
in a clinical sample in order to be detected.
Recently, the more sensitive technique of
HPV DNA amplification using the poly-
merase chain reaction (PCR) followed by
simple methods of hybridisation has been
widely applied, especially in large epidemio-
logical studies. This permits between 10 and
100 HPV DNA copies to be discovered. In
addition, combined with phylogenetic classifi-
cation, new HPV types can be established.'1'8
With PCR HPV-type-specific primers allow
the detection of one HPV type whereas con-
sensus or general primers amplify a whole
panel of different HPV types (table 1).
Standardisation of PCR methods will be nec-
essary to allow a valid comparison of results
generated by different laboratories.19

Prevalence and incidence
The prevalence estimates depend on the pres-

ence of factors for STDs, on the age of the
population screened, the sensitivity of the
molecular-biological technique applied, and
on the number of examinations performed. In
women single-point estimates using dot-blot
hybridisation vary between 1% and
20%,20-23 8% and 1 1% using filter in situ
hybridisation,24 25 3% and 29% using
Southern blot,2630 and 5% to 53% using gen-

eral and HPV type-specific PCR,31-35 and M.
Schiffiman and M. Manos (personal

communication). These prevalence estimates
comprise subclinical and latent disease since
most studies do not include information on
whether or not the patients had lesions. The
prevalence rates for males may be similar36
but large-scale evaluation with PCR tech-
niques has not been reported so far.
Cumulative prevalence estimates are
two-four times higher than single-point
measurements.243738

With respect to incidence, an eight-fold
increase in the age- and sex-adjusted inci-
dence of condylomata acuminata between
1950 and 1978 was reported for Rochester,
USA,39 physician visits for condyloma
increased 4-5-fold between 1966 and 1984 in
the USA40 and the incidence of condyloma
among males and females in the United
Kingdom increased 2-5-fold between 1971
and 1982.41 For incidence estimates of sub-
clinical and latent HPV infection no reliable
data are available as yet.

Transmission
Sexual transmission
For condylomata acuminata the interval
between exposure and appearance of clinical
disease ranges from 3 weeks to 8 months.4243
Data on incubation periods for subclinical
and latent infection are not available. A direct
correlation between number of sexual part-
ners and presence of HPV is evident4 6 and
was proved to be independent of other risk
factors such as age, race or use of oral contra-
ceptives: 21% of women (n = 90) reporting
exposure to only one male sexual partner
were positive for HPV by consensus PCR
compared with 69% of women (n = 102)
reporting exposure to 10 or more partners
(OR= 11-2, 95% CI 4.9-24.4).47 Previous
studies which showed no association between
HPV detection and sexual activity37 4850 prob-
ably misclassified the HPV status of a small
fraction of subjects which may distort true
association.5' Subclinical HPV infections and
HPV associated disease are prevalent (64% to
70%) in male partners of women with cervi-
cal HPV infections and intraepithelial neopla-
sia 52 53

Non-sexual transmission
Transmission ofHPV 6 or 11 to the infant by
an infected mother can result in recurrent
respiratory papillomatosis (RRP), albeit a rare
event.54 It is still unclear if transmission is ver-
tical through the intact amnion or during
birth. The peripartal transmission is favoured
by a study which showed HPV DNA in 33%
of 45 nasopharyngeal aspirates from
neonates, using Southern blot hybridisation,
and HPV DNA in only two samples of amni-
otic fluid.55 Only 2-8% (2 of 72) oropharyn-
geal swabs of newborns were positive for
HPV by dot-blot hybridisation in another
study.56 Peripartal transmission to the genital
area (n = 4) and the oral cavity (n = 2) was
shown in newborns from ten HPV-positive
mothers by type-specific PCR analysis.57 In
preschool children (n = 21) oral cavity scrap-
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ings were positive for HPV 6 in 24% and for
HPV 16 in 19% by type-specific PCR com-
pared with 17% and 23%, respectively, in
adult men (n = 35).58 Thus, the oral cavity
may act as a reservoir for genital HPVs. In
addition, presence of "high risk" HPV types
such as HPV 16 and HPV 33 may induce
malignant lesions as shown for tonsillar carci-
nomas.59

Genital HPV types such as HPV 16 and
HPV 35 may also be present in skin lesions of
the periungual area and be potentially infec-
tive for the genital area. 606

Fomites may play a role in transmitting the
virus since HPV DNA could be demonstrated
on a small number of gynaecological instru-
ments after sterilisation.62 The infectious
potential of such findings has, however, still
to be proved.

Course of infection
In order to establish infection, HPV needs
access to the basal cells of the differentiating
epithelium which occurs most commonly
through microlacerations. The time course of
infection has been studied on human
xenografts in nude mice infected with HPV
11 using in situ hybridisation.6' The first signs
of transcription from the early (E) open read-
ing frames (ORF) of the viral genome can be
seen 4 weeks after infection.6' Between weeks
6 and 8 viral replication, transcription of early
and late (L) ORFs and cellular proliferation
reach a plateau and by weeks 10 to 12 condy-
lomata are morphologically fully established.
The amount of viral DNA increases towards
the epithelial surface with the highest amount
of viral replication and antigen production in
the most differentiated, superficial cells which
was also shown on human tissues.6" The viral
DNA is encoated by viral capsid proteins and
infectious viral particles are released by inter-
ference with the viral E4 protein which desta-
bilises the intracellular cytokeratin network.65
Whereas in low grade lesions viral transcrip-
tion is weak in the basal and parabasal layers,
strong transcriptional activity is seen through-
out the whole epithelium in high grade
lesions.66 Little is known about the time
course of events in subclinical and latent
infected tissues since conventional in situ
hybridisation techniques fail to detect viral
DNA in the majority of tissues' 12 1415 shown
to be HPV-infected by hybridisation tech-
niques which destroy the morphology of the
lesions.6768 This discrepancy may be solved in
the future by the combination of PCR and in
situ hybridisation.6970 A collagen raft culture
system containing cells derived from a cervi-
cal intraepithelial neoplasia (CIN) lesion

Table 2 Biological potential ofminor genitalHPV types

* "low risk": HPV 6,11,42,43,44 mainly in "low grade SIW"
* "intermediate risk": HPV 31,33,35,51,52,58 mainly in "SIL"
* "high risk, HPV 16": HPV 16 "high grade SIL" & cancer
* "high risk, HPV 18" HPV 18,45,56 more frequent in cancer than

in "SIL"

Lorincz et al., 1992"1
SIL: squamous intraepithelial lesion.

recently allowed the production of HPV 31b
virions.71 More data on the cellular and viral
factors responsible for maintaining or termi-
nating latency, and on the synthesis and
assembly of HPV virions can be expected
from studies using this system.
No systematic evaluation has so far been

carried out to study the spontaneous regres-
sion rate for condylomata; however, in
placebo-controlled studies this rate varies
between 0%, 17%, 18%, and 69%.72-75 After
regression or treatment of clinical disease
45% of patients retain latent infection with a
recurrence rate of clinical disease in 67% of
latently infected patients.68

Longitudinal evaluation of subclinical or
latent HPV infection is difficult since reacti-
vation or regression may be masked by rein-
fections through the same or a new sexual
partner. In a follow-up study of 51 adoles-
cents using Southern blot analysis HPV was
detected in 58% (n = 30/52) on at least one
occasion. Only 9.6% (5/52) of patients were
HPV positive at two visits, but only one
patient had an identical HPV type at both vis-
its.76 When HPV 16 type-specific PCR was
used in 21 women over a one-year period 14
patients (66.7%) were HPV 16 positive at
least once.'8
The oncogenic potential of specific genital

HPV types such as HPV 16 and 18 was
demonstrated by in vitro transformation
assays involving human keratinocytes and
viral DNA.77 The viral proteins derived from
the E6 and E7 ORFs interact with cellular
proteins such as p53 and p105-RB which
control cell cycle and DNA repair.780 In vivo
the biological potential of the various genital
HPV types has been assessed in large cross-
sectional series and could be confirmed in
case-control studies81 82 (table 2). The mean-
ing ofHPV negativity for cervical carcinogen-
esis especially in the elderly is not yet
clear,8'"6 whereas in vulvar cancer HPV nega-
tivity represents a specific entity more com-
mon in older patients.87-0 The extent of risk
of subclinical and latent HPV infection for
the induction of anogenital neoplasia has
been determined prospectively: early prospec-
tive studies on patients with cervical condy-
loma or CIN I showed an increased risk for
progression in the presence of HPV 16 or
18.91-3 Subclinical and latent HPV infection
was the starting point for prospective follow-
up of cytologically negative women:
Consensus primer PCR was used for HPV
detection in 18000 women and after a
median of 360 person-days 155 women had
developed squamous intraepithelial lesions
(SIL) of varying severity (M Schiffman, M
Manos, personal communication). When
analysed in a nested case-control evaluation
with three controls per case the presence of
high risk HPV types 16 or 18 in the enrol-
ment smear was associated with a relative risk
(RR) of 7 9 (95% CI 4.4, 14.4) for the devel-
opment of cervical neoplasia. Positivity of
HPV at enrolment and diagnosis had a RR of
16.1 for SIL. A second cohort study of 241
STD clinic attendants with a history of nega-
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tive Pap smears over a two-year period using
dot-blot and Southern blot hybridisation
showed biopsy-confirmed CIN II-III in 3% of
those without detectable HPV DNA, com-
pared with 39% of women positive for HPV
16 or 18 infection (RR= 11.03, 95% CI
4.64, 26.23).94 Besides the presence of high
risk HPV types, persistent detection and, pos-
sibly, the amount of viruses are important
prognostic factors.'8 In addition, mutations in
the transforming HPV genes as shown for E7
may explain variations of biological behaviour
in different geographic regions.95

Immune response of the host
Antibody response
Serological assays have the potential of being
more accurate, sensitive and relevant for the
detection of disease progression, compared
with direct HPV DNA detection in gynaeco-
logic smears. After several genital HPV-types
had been sequenced, structural and regula-
tory HPV proteins could be expressed in vari-
ous vectors and synthetic peptides designed.
HPV 11 virions became available through the
nude-mouse xenograft system. The raft cul-
ture system will provide an additional source
for viral particles of other genital HPV types.
Bacterial fusion proteins have been generated
from some early and all late ORFs of HPV 6,
HPV 11, HPV 16, and HPV 18 and were
used in Western blot assays and ELISA to
detect HPV typespecific antibodies.58 9-102
Immunoreactive synthetic peptides were
selected by different methods designated for
HPV 6 L2, HPV 11 L2, HPV 16 E2, Li, L2,
and HPV 18 E7, L2.105-"14 Recently, HPV 16
E7 was generated for radioimmuno-precipita-
tion analysis (RIPA) of human sera using an
in vitro transcription-translation system."15
The results of these studies can be sum-

marised as follows: (i) prevalence rates of
antibody responses to late proteins are more
common than to early proteins ranging
between 25% and 65%,58969799 100116 (ii) the
antibodies detected seem HPV type-specific
and do not cross-react,58 100 108 112 116 117 (iii)
antibodies to HPV 16 E7 are strongly associ-
ated with the presence of cervical can-
cer 99101 107 113 115 118 (iv) antibodies to HPV 16
E4 may also be markers of cervical cancer
risk99 118 and of current or recent HPV infec-
tion,101 (v) prevalence estimates of IgG anti-
bodies for adults and children do not differ
and vary between 10 and 75% for the differ-
ent HPV types,58101119 (vi) in only 50% to
70% of patients with proven HPV 16 or HPV
18 positive tumors antibodies can be
detected.'0 102 108 113 115 Compared with bacter-
ial fusion proteins or synthetic peptides,
intact virions present conformational epitopes
which may be more specific.'20 HPV 11 viri-
ons generated in the nude-mouse xenograft
system were used to examine sera from
patients with condylomata acuminata and
RRP; significantly higher absorbance values
were found in cases compared with con-
trols.'2' 122 Besides the possibility of creating

whole virions with the raft system, in vitro
production is also feasible by way of recombi-
nant vaccinia virus vectors'23 which may be
used for immunological studies in the near
future.

Cell-mediated immune response
Competent cell-mediated surveillance is
required for the control of HPV infection as
immunosuppression or immunocompromis-
ing diseases increase the incidence of genital
HPV infections and HPV associated disease.
Mononuclear-cell inflammatory infiltrates are
the major morphological feature in regressing
skin warts.124 Invasion of T-suppressor cell
subsets and macrophages is probably stimu-
lated by the virus. The role ofT lymphocytes,
Langerhans cells, natural killer cells and
keratinocytes for local immune control in
genital HPV-infected lesions has been investi-
gated in a number of studies: condylomata
are depleted of T-helper cells with a reversed
T4/T8 ratio to less than 1 (95% CI 0.29,
0.98).125 A significantly higher percentage of
suppressor/cytotoxic T-cells (T8), a lower
proportion of helper/inducer T-cells (T4) and
a lower helper/suppressor T-cell ratio (1 -72
against 3.21, p < 0.05) is found in the peri-
pheral blood of patients with condylomata.126 127
In vitro translated viral fusion proteins,
tested in a skin test, evoked reactions against
proteins of the Li ORF more frequently in
patients with CIN (six out of seven patients)
when compared with controls (0 out of 10).128
A significant decrease of-Langerhans cells

is seen in cervical condylomata and CIN
lesions.'25 129-131 This applies to all Langerhans
cell subpopulations examined'25 and is more
significant in HPV 18-infected lesions com-
pared with HPV 16-positive lesions.130
Expression of the MHC class II antigen
(HLA-DR and HLA-DQ) is increased in
Langerhans cells of condylomata and CIN
(p < 0.05),129 but Langerhans cell activity
does not seem to be predictive for recurrence
of CIN.132 Production of interferon gamma
and interleukin 2 by natural killer cells is
decreased in condylomata.'27 Natural killer
cells from patients with Bowenoid papulosis
and anogenital cancer show decreased lytic
activity against HPV 16-bearing keratinocytes
which appears to be due to defective recogni-
tion of the disease-specific target cells.'33

In keratinocytes of cervical condylomata
major histocompatibility class II antigens
(HLA-DR) were not expressed."34 This mal-
function of antigen presentation leads to
defective immunological surveillance."'3

HLA type
In a recent cross-sectional study presence of
the HLA class II DQw3 antigen was associ-
ated with a seven-fold increased risk for cervi-
cal cancer, with a less strong association for
DR5 antigen and a protective effect of DR6
antigen."15 However, another investigation
could not confirm the hypothesis that certain
HIA haplotypes carry an increased risk for
possible acquisition of HPV and, thus, for the
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development of squamous carcinoma of the
cervix.136

Risk factors for detection of genital HPV
infection
A number of risk factors have been associated
with the development of cervical cancer.'37
Only part of these factors have been exam-
ined in connection with genital HPV infec-
tion so far. The majority of studies are not
designed to clearly pinpoint the scope of
action of the risk factor examined: does it
increase the risk for HPV infection, for HPV
associated neoplasia or for both (fig)?

Sexual behaviour
The number of sexual partners has been
recognised as an independent risk factor for
the acquisition of genital HPV infection (see
under Sexual transmission) and is probably not
associated with events which transform HPV
infection to HPV associated neoplasia. This
may be different for early cohabitarche which
was shown to be an independent risk factor
for cervical cancer with an odds ratio (OR) of
4.3 (95% CI 21, 9.0) for age <16 years vs.
24+ years in a case-control study in
Colombia and Spain where HPV status was
measured by consensus-PCR.85

Immunosuppression
Renal allograft recipients have an increased
risk for genital warts.'38 139 This was confirmed
for latent and subclinical HPV infections
when 27% of women (n = 49) with renal
allografts were positive for HPV-16 or 18,
compared with only 6% in the controls
(n = 69).140

HIVand other infectious agents
Individuals positive for HIV have a high rate
of HPV infections and HPV associated neo-
plasia. This phenomenon is currently
explained by the alteration of the immune
status in the HIV-infected individual which
increases the risk for acquisition of a new
HPV infection or reactivation of a latent HPV
infection. Transactivation of viral replication
may be another pathway of interaction
between these viruses but seems unlikely
since there is no overlap in the human cell
types targeted by HPV and HIV.

Cytological signs of HPV infection were
found in women positive for HIV at a signifi-
cantly higher rate compared with women at
risk for HIV infection'4' or with women nega-
tive for HIV.142 Symptomatic HIV-infected
women (n = 33) showed a 70% HPV preva-
lence in cervico-vaginal lavages by Southern
blot which was significantly higher than in
HIV-positive asymptomatic women (4 of 18,
22%) or in HIV-negative high-risk women
(10 of 45, 22%).'" Symptomatic HIV-
infected women showed a strong association
between HPV infection and the presence of
CIN with an OR of 12 (95% CI 1.3, 108). In
an East-African population detection of HPV
16 and 18 by Southern blot and PCR was
2.2-times more frequent in HIV-positive

women; this was, however, not associated
with a higher rate of abnormal PAP smears."44

In men analysis of anal smears (n = 105)
by dot blot hybridisation and PCR revealed a
significantly higher rate of HPV positivity in
53% of HIV positives, compared with 29% in
HIV negatives.'45 A low T-helper cell count
was an independent risk factor for the
presence of HPV. In another study of
homosexual men (n = 120) anal smears were
scrutinised for HPV by dot blot hybridisation
and a T-helper/T-suppressor cell ratio of
<0 4 was associated with a significantly
higher HPV positivity of 35.3% of men
positive for HPV DNA compared with only
7.3% of men with a ratio of >1.0.146
Cytological abnormalities in anal smears
were strongly correlated with the presence of
HPV in these two studies of homosexual
men. 145 146

Besides HPV, HSV2 may play an indepen-
dent or supporting aetiological role for the
development of cervical neoplasia. A signifi-
cant interactive effect between HPV 16 and
18 measured by filter in situ hybridisation
and detection of seropositivity for HSV2 for
invasive cervical cancer was seen in a Latin
American case-control study.'47 These results
have still to be confirmed by studies with
more reliable virological assays.
No conclusive data are available for other

infectious agents such as chlamydia, syphilis,
gonorrhoea, cytomegalovirus, Epstein-Barr
virus and bacterial vaginosis.'48

Age
The peak prevalence rate of HPV in gynaeco-
logic smears spans the age range of 20 to 24
years, with a steady decline as age progresses 24 47
and M Manos, personal communication.
Consensus PCR applied to smears obtained
from patients under 25 years (n = 872)
showed that 43% were HPV-positive, com-
pared with 32% in the 26- and 35-year age
group (n = 617) and 21% in women older
than 35 years (n = 21%) (M Manos, personal
communication). Since the various HPV
types showed a similar distribution pattern
throughout all age groups a cohort effect can-
not explain this phenomenon. Acquisition of
immunity with increasing life span is a more
likely explanation.

Pregnancy
The influence of pregnancy on HPV detec-
tion is controversial although the majority of
studies find a higher HPV detection rate dur-
ing pregnancy: 8% to 20% in non-pregnant
and 9% to 35% in pregnant women.27149154
Four out of six studies found an increasing
prevalence during pregnancy and three out of
four studies describe a decrease of HPV
detection post partum. Early age at first birth
was an independent risk factor for cervical
cancer with an OR of 5.0 (95% CI 1-8, 14.2)
for age < 16 years vs. 24 years in a consensus
PCR-based case-control study.85 It may be
speculated, that an active transformation
zone, exposed to a high HPV load at the end
of pregnancy and to trauma during birth at
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young age when immunity against HPV is
still immature, may be the scenario required
for the development of cervical neoplasia.

Oral contraceptives, hormones
Patients on oral contraceptives (OC) have a
RR of 1.5 for condylomata acuminata which
increases to 9-8 after long-term use.'55-156
Using Southern blot analysis, current OC use
was associated with HPV positivity in patients
with normal Pap smears (p < 0.001) and
patients with reactive atypia (p = 0.03) but
not in patients with CIN.157 An independent
and partly linear association between OC use
and HPV detected by consensus primer PCR
was seen in female students with an OR of
2.8 after one year OC use and OR of 4.6 after
4 to 5 years of OC use.47 OC use may have a
synergistic effect with HPV since increased
risk for cervical cancer was only seen in HPV
positive women.85 Hormonal factors influence
transcription and/or translation of the HPV
genome also in vitro. An eight-fold overex-
pression of transcripts from the HPV 16 E6
and E7 open reading frames is achieved by
treatment of Siha cells, a cervical cancer cell
line, with ,-oestradiol,'58 and oncogenic
transformation of primary baby rat kidney
cells in the presence of HPV 16 DNA and the
ras oncogene is achieved by treatment with
progesterone or progestins used in OCs.'59
The expression of progesterone receptors is
significantly associated with high-grade CIN
and HPV 16 and HPV 18 positive cervical
lesions.'60

Smoking
History of smoking is associated with an
increased risk for condylomata acuminata
(RR = 3.7; 95% CI 1.8-7.6).156 Elevated con-
centrations of nicotine and cotinine were
found in the cervical mucus of smokers and
may transform HPV infected tissue.'61
Smoking acts immunosuppressively on the
cervix by decreasing the Langerhans cell pop-
ulation'62 and may, alternatively or synergisti-
cally, promote the acquisition of HPV
infection. A synergistic effect between smok-
ing and HPV has been suggested by a case-
control study which found a limited effect on
cervical cancer risk only in HPV positive
women.'63

Nutmtionalfactors
For HPV-associated disease an increased risk
is reported in patients with deficiencies of
vitamin A, ,B carotene, vitamin C, and folic
acid.164 Using Southern blot for HPV 16
detection, low folate level was an independent
risk factor for HPV with a RR of 1 1 among
women with folate above 660 nmol/l,
compared with a RR of 5.1 (95% CI 2.3, 11)
among women with lower levels.'65 No data
on the influence of antioxidants or folic acid
on genital HPV infections are available. In
vitro bovine papilloma virus (BPV)-
containing mouse cells can be depleted of
virus with an all-trans-retinoic acid treatment,
and cell transformation is reversed.'66 In
rabbits infected with cottontail rabbit

papilloma virus (CRPV) vitamin A treatment
leads to regression of papillomas.'67

1 Mufioz N, Bosch FX, Shah KV, Meheus A. The epi-
demiology of human papillomavirus and cervical can-
cer. IARC Scientific Publications, No. 119, Lyon,
1992.

2 Meisels A. The story of a cell. Acta Cytol 1983;27:
584-96.

3 Barrasso R, Coupez F, Ionesco M, Brux J de. Human
papillomaviruses and cervical intraepithelial neoplasia:
the role of colposcopy. Gynecol Oncol 1987;27:
197-207.

4 Reid R, Stanhope R, Herschman BR, Crum CP,
Agronow SJ. Genital warts and cervical cancer. IV. A
colposcopic index for differentiating subclinical papil-
lomaviral infection from cervical intraepithelial neopla-
sia. Am J Obstet Gynecol 1984;149:815-23.

5 Reid R, Scalzi P. Genital warts and cervical cancer. VII.
An improved colposcopic index for differentiating
benign papillomaviral infections from high-grade cervi-
cal intraepithelial neoplasia. Am 7 Obstet Gynecol
1985;153:611-8.

6 Schneider A, Sterzik K, Buck G, De Villiers EM.
Colposcopy is superior to cytology for the detection of
early genital human papillomavirus infection. Obstet
GYneCOl 1988;71:236-41.

7 Schneider A, Meinhardt G, De Villiers EM, Gissmann
L. Sensitivity of the cytologic diagnosis of cervical
condyloma in comparison with HPV-DNA hybridiza-
tion studies. Diagn Cytopat/wl 1987;3:250-5.

8 Shroyer KR, Hosey J, Swanson LE, Woodard WD,
Fennell RH. Cytologic diagnosis of human papillo-
mavirus infection: spindled nuclei. Diagn Cytopathol
1990;6:178-83.

9 Spitzer M, Brandsma JL, Steinberg B, Chemys AE,
Krumholz BA. Detection of conditions related to
human papillomavirus. Comparison of cytology, col-
poscopy, histology and hybridization. Jf Reprod Med
1990;35:697-703.

10 Robertson AJ. Histopathological grading of cervical
intraepithelial neoplasia (CIN)-is there a need for
change?ePathol 1989;159:273-5.

11 Syrjanen K, Syrjinen S. Concept of the existence of
human papillomavirus (HPV) DNA in histologically
normal squamous epithelium of the genital tract
should be re-evaluated. Acta Obstet Gynecol Scand
1989;68:613-7.

12 Schneider A, Meinhardt G, Kirchmayr R, Schneider V.
Prevalence of human papillomavirus genomes in tis-
sues from the lower genital tract as detected by molec-
ular in-situ hybridization. Int Jf Gynecol Pathol
1991;1O:1-14.

13 Nuovo GJ, Blanco JS, Leipzig S, Smith D. Human papil-
lomavirus detection in cervical lesions nondiagnostic
for cervical intraepithelial neoplasia: correlation with
Papanicolaou smear, colposcopy, and occurrence of
cervical intraepithelial neoplasia. Obstet Gynecol
1990;75:1006-1 1.

14 Nuovo GJ, Hochman HA, Eliezri YD, Lastarria D,
Comite SL, Silvers DN. Detection of human papillo-
mavirus DNA in penile lesions histologically negative
for condylomata. Analysis by in situ hybridization and
the polymerase chain reaction. Am Jf Surg Pat/wi
1990;14:829-36.

15 Amortegui AJ, Meyer MP, McIntyre-Seltman K, Locker
J. Detection of human papillomavirus DNA in cervical
lesions by in situ hybridization using biotinylated DNA
probes. IntJGyecol Pathol 1990;9:306-15.

16 Van den Brule AJ, Snijders PJ, Raaphorst PM, et al.
General primer polymerase chain reaction in combina-
tion with sequence analysis for identification of poten-
tially novel human papillomavirus genotypes in cervical
lesions. Jf Clin Microbiol 1992;30:1716-21.

17 Chan SY, Bernard HU, Ong CK, et al. Phylogenetic
analysis of 48 papillomavirus types and 28 subtypes
and variants: a showcase for the molecular evolution of
DNA viruses. J Virol 1992;66:5714-25.

18 Van Ranst M, Kaplan JB, Burk RD. Phylogenetic classi-
fication of human papillomaviruses: correlation with
clinical manifestations. Jf Gen Virol 1992;73:2653-60.

19 Schiffman MH, Bauer HM, L6rincz AT, et al.
Comparison of Southern blot hybridization and poly-
merase chain reaction methods for the detection of
human papillomavirus DNA. Jf Clin Microbiol 1991;
29:573-7.

20 Pratili MA, LeDoussal V, Harvey P, Laval C, Bertrand
F, Jibard N, Croissant 0, Orth G. Human papillo-
maviruses in the epithelial cells of the cervix uteri: fre-
quency of types 16 and 18. Preliminary results of a
clinical, cytologic and viral study. JfGynecol Obstet Biol
Reprod (Pans) 1986;15:45-50.

21 Douyon S, Bernstein GS, Osuna R, Paul W. Detection
of cervical human papillomavirus by molecular probes
[letter]. _AMA 1990;264:453.

22 Wickenden C, Malcoim AD, Byrne M, Smith C,
Anderson MC, Coleman DV. Prevalence of HPV
DNA and viral copy numbers in cervical scrapes from
women with normal and abnormal cervices. J Pa/iol
1987;153: 127-35.

23 Meekin GE, Sparrow MJ, Fenwicke RJ, Tobias M.
Prevalence of genital human papillomavirus infection

Schreider



Pathogenesis ofgenital HPVinfection

in Wellington women. Genitourin Med 1992;68:
228-32.

24 De Villiers EM, Wagner D, Schneider A, Wesch H,
Munz F, Miklaw H, zur Hausen H. Human papillo-
mavirus DNA in women without and with cytological
abnormalities: results of a five year follow-up study.
Gynecol Oncol 1992;44:33-9.

25 Wagner D, Ikenberg H, Boehm N, Gissmann L.
Identification of human papillomavirus in cervical
swabs by deoxyribonucleic acid in situ hybridization.
Obstet Gynecol 1984;64:767-72.

26 Martinez J, Smith R, Framer M, Resau J, Alger L,
Daniel R, Gupta J, Shah K, Naghashfar Z. High preva-
lence of genital tract papillomavirus infection in female
adolescents. Pediatrics 1988;82:604-8.

27 Schneider A, Hotz M, Gissmann L. Increased prevalence
of human papillomaviruses in the lower genital tract of
pregnant women. IntJ Cancer 1987;40:198-201.

28 McCance DJ, Campion MJ, Clarkson PK, Chesters PM,
Jenkins D, Singer A. Prevalence of human papillo-
mavirus type 16 DNA sequences in cervical intraep-
ithelial neoplasia and invasive carcinoma of the cervix.
BrJ Obstet Gynaecol 1985;92:1 101-5.

29 Burk RD, Kadish AS, Calderin S, Romney SL. Human
papillomavirus infection of the cervix detected by cer-
vicovaginal lavage and molecular hybridization: corre-
lation with biopsy results and Papanicolaou smear. Am
Jf Obstet Gynecol 1986;154:982-9.

30 Kiviat NB, Koutsky LA, Critchlow CW, Loerincz AT,
Cullen AP, Brockway J, Holmes KK. Prevalence and
cytologic manifestation of human papilloma virus
(HPV) types 6, 11, 16, 18, 31, 33, 35, 42, 43, 44, 45,
51, 52, and 56 among 500 consecutive women. Int,7
Gynecol Pathol 1992;11:197-203.

31 Beyer-Finkler E, Pfister H, Girardi F. Anti-contamina-
tion primers to improve specificity of polymerase chain
reaction in human papillomavirus screening [letter].
Lancet 1990;i: 1289-90.

32 Morris BJ, Flanagan JL, McKinnon KJ, Nightingale BN.
Papillomavirus screening of cervical lavages by poly-
merase chain reaction [letter]. Lancet 1988;2:1368.

33 Van den Brule AJ, Claas EC, du Maine M, Melchers
WJ, Helmerhorst T, Quint WG, Lindeman J, Meijer
CJ, Walboomers JM. Use of anticontamination
primers in the polymerase chain reaction for the detec-
tion of human papilloma virus genotypes in cervical
scrapes and biopsies. J Med Virol 1989;29:20-7.

34 Melchers W, van den Brule A, Walboomers J, de Bruin
M, Burger M, Herbrink P, Meijer C, Lindeman J.
Quint W. Increased detection rate of human papillo-
mavirus in cervical scrapes by the polymerase chain
reaction as compared to modified FISH and Southern-
blot analysis. _J Med Virol 1989;27:329-35.

35 Bauer HM, Greer CE, Chambers JC, Tashiro CJ,
Cimera J, Reingold A, Manos MM. Genital human
papillomavirus infection in female university students
as determined by a PCR-based method. JAMA 1991;
265:472-7.

36 Grussendorf-Conen El, De Villiers EM, Gissmann L.
Human papillomavirus genomes in penile smears of
healthy men [letter]. Lancet 1986;2:1092.

37 Reeves WC, Brinton LA, Garcia M, Brenes MM,
Herrero R, Gaitan E, Tenorio F, de Britton RC, Rawls
EW. Human papillomavirus infection and cervical can-
cer in Latin America. N Engl _J Med 1989;320:
1437-41.

38 Schneider A, Kirchhoff T, Meinhardt G, Gissmann L.
Repeated evaluation of human papillomavirus 16 sta-
tus in cervical swabs of young women with a history of
normal papanicolaou smears. Obstet Gynecol 1992;79:
683-8.

39 Chuang TY, Perry HO, Kurland LT, Ilstrup DM.
Condyloma acuminatum in Rochester, Minnesota,
1950-1978. (Parts I and II). Arch Dermatol 1984;120:
469-83.

40 Becker TM, Stone KM, Alexander ER. Genital human
papillomavirus infection: a growing concern. Obstet
Gynecol Clin North Am 1987-14:389-96.

41 Aral SO, Holmes KK. Epidemiology of sexually trans-
mitted diseases. In: Holmes KK, Mardh PH, Sparling
PF, Wiesner PJ, eds. Sexually Transmitted Diseases.
New York, McGraw Hill, 1984, pp 126-41.

42 Barrett TJ, Silbar JD, McGinley JP. Genital warts-a
venereal disease. JAMA 1954;154:333-4.

43 Oriel JD. Natural history of genital warts. Br J Venereal
Dis 1971;47:1-13.

44 Rosenfeld WD, Vermund SH, Wentz SJ, Burk RD. High
prevalence rate of human papillomavirus infection and
association with abnormal Papanicolaou smears in sex-
ually active adolescents. Am Jf Dis Child 1989;143:
1443.

45 Fisher M, Rosenfeld WD, Burk RD. Cervicovaginal
human papillomavirus infection in suburban adoles-
cents and young adults. _J Pediatr 1991;119:821-5.

46 Moscicki AB, Palefsky J, Gonzales J, Schoolnik GK.
Human papillomavirus infection in sexually active ado-
lescent females: prevalence and risk factors. Pediatr Res
1990;28:507-13.

47 Ley C, Bauer HM, Reingold A, Chambers JC, Tashiro
CJ, Manos MM. Determinants of genital papillo-
mavirus infection in young women. J Nadl Cancer Inst
1991;83:997-1003.

48 Kiviat NB, Koutsky LA, Paavonen J, Galloway DA,
Crithlow CW, Beckmann AM, McDougall JK,
Peterson ML, Stevens CE, Lipinski CM, Holmes KK.

Prevalence of genital papillomavirus infection among
women attending a college student health clinic or a
sexually transmitted disease clinic. Jf Infect Dis
1989;159:293-302.

49 Villa LL, Franco EL. Epidemiologic correlates of cervical
neoplasia and risk of human papillomavirus infection
in asymptomatic women in Brazil. JNCI 1989;81:
332-40.

50 Kjaer SK, Engholm G, Teisen C, Haugaard BJ, Lynge
E, Christensen RB, M0ller KA, Jensen H, Poll P,
Vestergaard BF, De Villiers EM, Jensen OM. Risk
factors for cervical human papillomavirus and herpes
simplex virus infections in Greenland and Denmark: A
population-based study. Am Jf Epidemiol 1990;131:
669-82.

51 Franco EL. The sexually transmitted disease model for
cervical cancer: incoherent epidemiologic findings and
the role of misclassification of human papillomavirus
infection. Epidemiology 1991;2:98-106.

52 Barrasso R, de Brux J, Croissant 0, Orth G. High preva-
lence of papillomavirus-associated penile intraepithelial
neoplasia in sexual partners of women with cervical
intraepithelial neoplasia. N Engl J Med 1987;317:
916-23.

53 Schneider A, Kirchmayr R, De Villiers EM, Gissmann
L. Subclinical human papillomavirus infections in
male sexual partners of female carriers. Jf Urol 1988;
140:1431-4.

54 Shah K, Kashima H, Polk BF, Shah F, Abbey H,
Abramson A. Rarity of cesarean delivery in cases of
juvenile-onset respiratory papillomatosis. Obstet
Gynecol 1986;68:795-9.

55 Sedlacek TV, Lindheim S, Eder C, Hasty L, Woodland
M, Ludomirsky A, Rando RF. Mechanism for human
papillomavirus transmission at birth. Am Jf Obstet
Gynecol 1989;161:55-9.

56 Smith EM, Johnson SR, Cripe TP, Pignatari S, Turek L.
Perinatal vertical transmission of human papillo-
mavirus and subsequent development of respiratory
tract papillomatosis. Ann Otol Rhinol Laryngol 1991;
100:479-83.

57 Fife KH, Bubalo F, Boggs DL, Gaebler JW. Perinatal
exposure of newborns to HPV, detection by DNA
amplification. UCLA Symposia on Molecular and
Celular Biology 1990;124:73-6.

58 Jenison SA, Yu XP, Valentine JM, et al. Evidence of
prevalent genital-type human papillomavirus infections
in adults and children. JInfect Dis 1990;162:60-9.

59 Snijders PJ, Cromme FV, van-den Brule AJ, et al.
Prevalence and expression of human papillomavirus in
tonsillar carcinomas, indicating a possible viral etiol-
ogy. IntJ Cancer 1992;51:845-50.

60 Moy RI, Eliezri YD, Nuovo GJ, Zitelli JA, et al. Human
papillomavirus type 16 DNA in periungual squamous
cell carcinomas. JAMA 1989;261:2669-73.

61 Rudlinger R, Grob R, Yu YX, Schnyder UW. Human
papillomavirus-35-positive bowenoid papulosis of
the anogenital area and concurrent human papillo-
mavirus-35-positive verruca with bowenoid dyspla-
sia of the periungual area. Arch Dermatol 1989;125:
655-9.

62 Ferenczy A, Bergeron C, Richart RM. Human papillo-
mavirus DNA in fomites on objects used for the man-
agement of patients with genital human papillomavirus
infections. Obstet Gynecol 1989;74:950-4.

63 Stoler MH, Whitbeck A, Wolinsky SM, et al. Infectious
cycle of human papillomavirus type 11 in human fore-
skin xenografts in nude mice. Jf Virol 1990;64:3310-8.

64 Stoler MH, Wolinsky SM, Whitbeck A, Broker TR,
Chow LT. Differentiation-linked human papillo-
mavirus types 6 and 11 transcription in genital condy-
lomata revealed by in situ hybridization with
message-specific RNA probes. Virolog 1989;172:
331-40.

65 Doorbar J, Ely S, Sterling J, McLean C, Crawford L.
Specific interaction between HPV-16 E1-E4 and
cytokeratins results in collapse of the epithelial cell
intermediate filament network. Nature 1991;352:
824-7.

66 Durst M, Glitz D, Schneider A, zur Hausen H. Human
papillomavirus type 16 (HPV 16) gene expression and
DNA replication in cervical neoplasia: analysis by in
situ hybridization. Virology 1992;189:132-40.

67 Macnab JCM, Walkinshaw SA, Cordiner JW, Clements
JB. Human papillomavirus in clinically and histologi-
cally normal tissue of patients with genital cancer. N
EnglJMed 1986;315:1052-8.

68 Ferenczy A, Mitao M, Nagai N, Silverstein SJ, Crum
CP. Latent papillomavirus and recurring genital warts.
NEnglJ Med 1985;313:784-8.

69 Nuovo GJ, MacConnell P, Forde A, Delvenne P.
Detection of human papillomavirus DNA in formalin-
fixed tissues by in situ hybridization after amplification
by polymerase chain reaction. Am J Pathol 1991;139:
847-54.

70 Nuovo GJ, Gallery F, MacConnell P, Becker J, Bloch W.
An improved technique for the in situ detection of
DNA after polymerase chain reaction amplification.
AmJ7Pathol 1991;139:1239-44.

71 Meyers C, Frattini MG, Hudson JB, Laimins LA.
Biosynthesis of human papillomavirus from a continu-
ous cell line upon epithelial differentiation. Science
1992;257:971-3.

72 Scott GM, Csonka GW. Effect of injections of small
doses ofhuman fibroblast interferon into genital warts.

171



Schneider

A pilot study. BrJ Venereal Dis 1979;55:442-5.
73 Schonfeld A, Nitke S, Schattner A, Wallach D, Crespi

M, Hahn T, Levavi H, Yarden 0, Shoham J, Doemer
T, Revel M. Intramuscular human interferon-beta
injections in treatment of condylomata acuminata.
Lancet 1984;i: 1038-42.

74 Eron 14, Judson F, Tucker S, Prawer S, Mills J, Murphy
K, Hickey M, Rogers M, Flannigan S, Hien N, Katz
HI, Goldman S, Gottlieb A, Adams K, Burton P,
Tanner D, Taylor E, Peets E. Interferon therapy for
condylomata acuminata. N Engl Jf Med 1986;315:
1059-64.

75 Keay S, Teng N, Eisenberg M, Story B, Sellers PW,
Merigan TC. Topical interferon for treating condylo-
mata acuminata in women. Jf Infect Dis 1988-158:
934-9.

76 Rosenfeld WD, Rose E, Vermund SH, Schreiber K,
Burk RD. Follow-up evaluation of cervicovaginal
human papillomavirus infection in adolescents. J
Pediatr 1992;121:307-1 1.

77 zur Hausen H. Papillomaviruses as carcinomaviruses.
In: Klein G, ed. Advances in Viral Oncology, Vol. 8,
New York, Raven Press, 1989, 1-26.

78 Munger K, Wemess BA, Dyson N, Phelps WC, Harlow
E, Howley PM. Complex formation of human papillo-
mavirus E7 proteins with the retinoblastoma tumor
suppressor gene product. EMBOJ 1989;8:4099-105.

79 Dyson N, Howley PM, Munger K, Harlow E. The
human papilloma virus-16 E7 oncoprotein is able to
bind to the retinoblastoma gene product. Science
1989;243:934-7.

80 Werness BA, Levine AJ, Howley PM. Association of
human papillomavirus types 16 and 18 E6 proteins
with P53. Science 1990;248:76-9.

81 L6rincz AT, Reid R, Jenson AB, Greenberg MD,
Lancaster W, Kurman AJ. Human papillomavirus
infection of the cervix: relative risk associations of 15
common anogenital types. Obstet Gynecol 1992;79:
328-37.

82 Mufioz N, Bosch FX, De Sanjose S, et al. The causal
link between human papillomavirus and invasive cervi-
cal cancer: a population-based case-control study in
Colombia and Spain. IntJ Cancer 1992;52:743-9.

83 Riou G, Favre M, Jeannel D, Bourhis J, Le Doussal V,
Orth G. Association between poor prognosis in early-
stage invasive cervical carcinomas and non-detection
of HPV DNA. Lancet 1990;335:1171-4.

84 Higgins GD, Davy M, Roder D, Uzelin DM, Phillips
GE, Burrell CJ. Increased age and mortality associated
with cervical carcinomas negative for human papillo-
mavirus RNA. Lancet 1991;338:910-3.

85 Bosch FX, Mufioz M, De Sanjose S, et al. Risk factors
for cervical cancer in Colombia and Spain. IntJ Cancer
1992;52:750-8.

86 Mandelblatt J, Richart R, Thomas L, et al. Is human
papillomavirus associated with cervical neoplasia in the
elderly? Gynecol Oncol 1992;46:6-12.

87 Park JS, Jones RW, McLean MR, et al. Possible etiologic
heterogeneity of vulvar intraepithelial neoplasia. A
correlation of pathologic characteristics with human
papillomavirus detection by in situ hybridization
and polymerase chain reaction. Cancer 1991;67:
1599-607.

88 Toki T, Kurman RJ, Park JS, Kessis T, Daniel RW,
Shah KV. Probable nonpapillomavirus etiology of
squamous cell carcinoma of the vulva in older women:
a clinicopathologic study using in situ hybridization
and polymerase chain reaction. Int J Gynecol Pathol
1991;10: 107-25.

89 Andersen WA, Franquemont DW, Williams J, Taylor
PT, Crum CP. Vulvar squamous cell carcinoma and
papiliomaviruses: two separate entities? Am Jf Obstet
Gynecol 1991;165:329-35.

90 Crum CP. Carcinoma of the vulva: epidemiology and
pathogenesis. Obstet Gynecol 1992;79:448-54.

91 Campion MJ, McCance DJ, Cuzick J, Singer A.
Progressive potential of mild cervical atypia: prospec-
tive cytological, colposcopic, and virological study.
Lancet 1986;2:237-9.

92 Schneider A, Sawada E, Gissmann L, Shah K. Human
papillomaviruses in women with a history of abnormal
Papanicolaou smears and in their male partners. Obstet
Gynecol 1987;69:554-62.

93 Kataja V, Syrjanen K, Syrjanen S, Mantyjarvi R,
Yliskoski M, Saarikoski S, Salonen JT. Prospective fol-
low-up of genital HPV infections: survival analysis of
the HPV typing data. EurJEpidemiol 1990;6:9-14.

94 Koutsky LA, Holmes KK, Critchlow CW, et al.
Incidence of cervical intraepithelial neoplasia grade 2
or 3 among a cohort of women with negative cervical
cytologic smears: role of human papillomavirus infec-
tion and other risk factors. N Engl Jf Med 1992;327:
1272-8.

95 Eschle D, Durst M, ter-Meulen J, et al. Geographical
dependence of sequence variation in the E7 gene of
human papillomavirus type 16. J Gen Virol 1992;73:
1829-32.

96 Li CC, Shah KV, Seth A, Gilden RV. Identification of
the human papillomavirus type 6b Li open reading
frame protein in condylomas and corresponding anti-
bodies in human sera. JfVirol 1987;61:2684-90.

97 Jenison SA, Firzlaff JM, Langenberg A, Galloway DA.
Identification of immunoreactive antigens of human
papillomavirus type 6b by using Escherichia coli-
expressed fusion proteins. J Virol 1988;62:2115-23.

98 Strike DG, Bonnez W, Rose RC, Reichman RC.
Expression in Escherichia coli of seven DNA fragments
comprising the complete Li and L2 open reading
frames of human papillomavirus type 6b and localiza-
tion of the 'common antigen' region. Jf Gen Virol
1989;70:543-55.

99 Kochel HG, Monazahian M, Sievert K, et al. Occurrence
of antibodies to Li, L2, E4, and E7 gene products of
human papillomavirus types 6b, 16 and 18 among cer-
vical cancer patients and controls. Int Jf Cancer 1991;
48:682-8.

100 Kochel HG, Sievert K, Monazahian M, Mittelstadt-
Deterding A, Teichmann A, Thomssen R. Antibodies
to human papillomavirus type-16 in human sera as
revealed by the use of prokaryotically expressed viral
gene products. Virology 199 1;182:644-54.

101 Jochmus-Kudielka I, Schneider A, Braun R, et al.
Antibodies against the human papiliomavirus type 16
early proteins in human sera: correlation of anti-E7
reactivity with cervical cancer. Jf Natl Cancer Inst
1989;81: 1698-1704.

102 Bleul C, Muller M, Frank R, et al. Human papillo-
mavirus type 18 E6 and E7 antibodies in human sera:
increased anti-E7 prevalence in cervical cancer
patients. Jf Clin Microbiol 1991;29:1579-88.

103 Dillner J, Dillner L, Robb J, et al. A synthetic peptide
defines a serologic IgA response to a human papillo-
mavirus-encoded nuclear antigen expressed in virus-
carrying cervical neoplasia. Proc Nail Acad Sci USA
1989;86:3838-41.

104 Dillner L, Bekassy Z, Jonsson N, Moreno-Lopez J,
Blomberg J. Detection of IgA antibodies against
human papillomavirus in cervical secretions from
patients with cervical intraepithelial neoplasia. Int
Cancer 1989;43:36-40.

105 Suchankova A, Ritter 0, Hirsch I, et al. Presence of anti-
body reactive with synthetic peptide derived from L2
open reading frame of human papillomavirus types 6b
and 11 in human sera. Acta Virol (JPraha) 1990;34:
433-42.

106 Dillner L, Moreno-Lopez J, Dillner J. Serological
responses to papillomavirus group-specific antigens in
women with neoplasia of the cervix uteri. Jf Clin
Microbiol 1990;28:624-7.

107 Krchnak V, Vagner J, Suchankova A, Krcmar M,
Ritterova L, Vonka V. Synthetic peptides derived from
E7 region of human papillomavirus type 16 used as
antigens in ELISA. Jf Gen Virol 1990;71:2719-24.

108 Miller M, Gausepohl H, de-Martynoff G, Frank R,
Brasseur R, Gissmann L. Identification of seroreactive
regions of the human-papillomavirus type 16 protein
E4, E6, E7 and Ll. Jf Gen Virol 1990;71:2709-17.

109 Comerford SA, McCance DJ, Dougan G, Tite JP.
Identification of T- and B-cell epitopes pf the E7 pro-
tein of human papillomavirus type 16. Jf Virol 1991;
65:4681-90.

110 Selvey LA, Tindle RW, Geysen HM, Haller CJ, Smith
JA, Frazer I. Identification of B-epitopes in the human
papillomavirus 18 E7 open reading frame protein. Jf
Immunol 1990;145:3105-10.

111 Tindle RW, Smith JA, Geysen HM, Selvey LA, Frazer
IH. Identification of B epitopes in human papillo-
mavirus type 16 E7 open reading frame protein. Jf Gen
Virol 1990;71:1347-54.

112 Jenison SA, Yu XP, Valentine JM, Galloway DA.
Human antibodies react with an epitope of the human
papillomavirus type 6b Li open reading frame which is
distinct from the type-common epitope. Jf Virol
1989;63:809-18.

113 Mann VM, de-Lao SL, Brenes M, et al. Occurrence of
IgA and IgG antibodies to select peptides representing
human papillomavirus type 16 among cervical cancer
cases and controls. Cancer Res 1990;50:7815-9.

114 Reeves WC, Rawls JA, Green M, Rawls WE. Antibodies
to human papillomavirus type 16 in patients with cer-
vical neoplasia (letter). Lancet 1990;335:551-2.

115 Muller M, Viscidi RP, Sun Y, et al. Antibodies to HPV-
16 E6 and E7 proteins as markers for HPV-16-associ-
ated invasive cervical cancer. Virology 1992;187:
508-14.

116 Yaegashi N, Jenison SA, Batra M, Galloway DA.
Human antibodies recognize multiple distinct type-
specific and cross-reactive regions of the minor capsid
proteins of human papillomavirus types 6 and 11. J
Virol 1992;66:2008-19.

117 Jenison SA, Yu XP, Valentine JM, Galloway DA.
Characterization of human antibody-reactive epitopes
encoded by human papillomavirus types 16 and 18. Jf
Virol 1991;65:1208-18.

118 Mandelson MT, Jenison SA, Sherman KJ, et al. The
association of human papillomavirus antibodies with
cervical cancer risk. Cancer Epidemiol Biomark Prev
1992;1:281-6.

119 Galloway DA, Jenison SA. Characterization of the
humoral immune response to genital papillomaviruses.
MolBiolMed 1990;7:59-72.

120 Steele JC, Gallimore PH. Humoral assays of human sera
to disrupted and nondisrupted epitopes of human
papillomavirus type 1. Virology 1990;174:388-98.

121 BonnezW, Da-Rin C, Rose RC, Reichman RC. Use of
human papillomavirus type 11 virions in an ELISA to
detect specific antibodies in humans with condylomata
acuminata.J Gen Virol 1991;72:1343-7.

122 Bonnez W, Kashima HK, Leventhal B et al. Antibody
response to human papillomavirus (HPV) type 11 in

172



Pathogenesis ofgenital HPVinfection

children with juvenile-onset recurrent respiratory
papillomatosis (RRP). Virology 1992;188:384-7.

123 Zhou J, Sun XY, Stenzel DJ, Frazer IH. Expression of
vaccinia recombinant HPV 16 Li and L2 ORF pro-
teins in epithelial cells is sufficient for assembly of
HPV virion-like particles. Virology 1991;185:251-7.

124 Rogozinski TT, Jablonska S, Jarzabek-Chorzelska M.
Role of cell-mediated immunity in spontaneous regres-
sion of plane warts. IntJ Dermatol 1988;27:322-6.

125 Tay SK, Jenkins D, Maddox P, Singer A. Lymphocyte
phenotypes in cervical intraepithelial neoplasia and
human papillomavirus infection. Br J Obstet Gynaecol
1987;94:16-21.

126 Carson LF, Twiggs LB, Fukushima M, Ostrow RS,
Faras AJ, Okagaki T. Human genital papilloma infec-
tions: an evaluation of immunologic competence in the
genital neoplasia-papilloma syndrome. Am Y Obstet
Gynecol 1-986;155:784-9.

127 Cauda R, Tyring SK, Grossi CE, Tilden AB, Hatch KD,
Sams WM Jr, Baron S, Whidey RJ. Patients with
condyloma acuminatum exhibit decreased interleukin-
2 and Interferon gamma production and depressed
natural killer activity. Y Clin Immunol 1987;7:304-1 1.

128 Hopfl R, Sandbichler M, Sepp N, et al. Skin test for
HPV type 16 proteins in cervical intraepithelial neopla-
sia. Lancet 1991;1:373-4.

129 Hughes RG, Norval M, Howie SE. Expression of major
histocompatibility class II antigens by Langerhans'
cells in cervical intraepithelial neoplasia. Y Clin Pathol
1988;41:253-9.

130 Hawthorn RJ, Murdoch JB, MacLean AB, MacKie RM.
Langerhans' cells and subtypes of human papillo-
mavirus in cervical intraepithelial neoplasia. BMJ3
1988;297:643-6.

131 Viac J, Guein-Reverchon I, Chardonnet Y, Bremond A.
Langerhans cells and epithelial cell modifications in
cervical intraepithelial neoplasia: correlation with
human papillomavirus infection. Immunobiol 1990;180:
328-38.

132 Rasbridge SA, Jenkins D, Tay SK. A histological and
immunohistological study of cervical intraepithelial
neoplasia in relation to recurrence after local treat-
ment. BrJ Obstet Gynaecol 1990;97:245-50.

133 Malejczyk J, Majewski S, Jablonska S, Rogozinski TT,
Orth G. Abrogated NK-cell lysis of human papillo-
mavirus (HPV)-16-bearing keratinocytes in patients
with pre-cancerous and cancerous HPV-induced
anogenital lesions. Int3 Cancer 1989;43:209-14.

134 Warhol MJ, Gee B. The expression of histocompatibility
antigen HLA-DR in cervical squamous epithelium
infected with human papilloma virus. Mod Pathol
1989;2:101-4.

135 Wank R, Thomssen C. High risk of squamous cell carci-
noma of the cervix for women with HLA-DQw3.
Nature 1992;352:723-5.

136 Glew SS, Stern PL, Davidson JA, Dyer PA. HLA anti-
gens and cervical carcinoma. Nature 1992;356:22.

137 Brinton LA. Epidemiology of cervical cancer-overview.
In: Mufloz N, Bosch FX, Shah KV, Meheus A. The
Epidemiology of Human Papillomavirus and Cervical
Cancer Lyon, IARC Scientific Publications, No. 119,
1992, pp 3-23.

138 Schneider V, Kay S, Lee HM. Immunosuppression as a
high risk factor in the development of condyloma
acuminatum and squamous neoplasia of the cervix.
Acta Cytol 1983;27:220-3.

139 Halpert R, Butt KM, Sedlis A, et al. Human papillo-
mavirus infection and lower genital neoplasia in female
renal allograft recipients. Transplant Proc 1985;17:
93-5.

140 Alloub MI, Barr BB, McLaren KM, Smith IW, Bunney
MH, Smart GE. Human papillomavirus infection and
cervical intraepithelial neoplasia in women with renal
allografts. BMJ 1989;298:153-6.

141 Schrager LK, Friedland GH, Maude D, et al. Cervical
and vaginal squamous cell abnormalities in women
infected with human immunodeficiency virus. J AIDS
1989;2:570-5.

142 Feingold AR, Vermund SH, Burk RD, et al. Cervical
cytologic abnormalities and papillomavirus in women
infected with human immunodeficiency virus. J AIDS
1990;3:896-903.

143 Vermund SH, Kelley KF, Klein RS, Feingold AR,
Schreiber K, Munk G, Burk RD. High risk of human
papillomavirus infection and cervical squamous
intraepithelial lesions among women with symptomatic
human immunodeficiency virus infection. Am J Obstet
Gynecol 1991;165:392-400.

144 ter-Meulen J, Eberhardt HC, Luande J, et al. Human
papillomavirus (HPV) infection, HIV infection and
cervical cancer in Tanzania, East Africa. Int J Cancer
1992;51:515-21.

145 Caussy D, Goedert JJ, Palefsky J, et al. Interaction of
human immunodeficiency and papilloma viruses:
Association with anal epithelial abnormality in homo-
sexual men. IntJ7 Cancer 1990;46:214-9.

146 Melbye M, Palefsky J, Gonzales J, et al. Immune status

as a determinant of human papillomavirus detection
and its association with anal epithelial abnormalities.
Int3J Cancer 1990;46:203-6.

147 Hildesheim A, Mann V, Brinton LA, Szklo M, Reeves
WC, Rawls W. Herpes simplex virus type 2: a possible
interaction with human papillomavirus types 16/18 in
the development of invasive cervical cancer. Int
Cancer 1991;49:335-40.

148 Lacey CJN. Assessment of exposure to sexually transmit-
ted agents other than human papillomavirus. In:
Mufnoz N, Bosch FX, Shah KV, Meheus A. The epi-
demiology of human papillomavirus and cervical can-
cer. Lyon, IARC Scientific Publications, No. 119,
1992, 93-105.

149 Czegledy J, Gergely L, Endroedi I. Detection of human
papillomavirus deoxyribonucleic acid by filter in situ
hybridization during pregnancy. J Med Virol 1989;28:
250-4.

150 Rando RF, Lindheim S, Hasty L, Sedlacek TV,
Woodland M, Eder C. Increased frequency of detec-
tion of human papillomavirus deoxyribonucleic acid in
exfoliated cervical cells during pregnancy. Am Jf Obstet
Gynecol 1989;161:50-5.

151 H0rding U, Iversen AK, Sebbelov A, Bock JE, Norrild
B. Prevalence of human papillomavirus types 11, 16
and 18 in cervical swabs. A study of 1362 pregnant
women. Eur J Obstet Gynecol Reprod Biol 1990;35:
191-8.

152 Peng TC, Searle CP, Shah KV, Repke JT, Johnson TR.
Prevalence of human papillomavirus infections in term
pregnancy. Am Y Perinatol 1990;7:189-92.

153 Kemp EA, Hakenewerth AM, Laurent SL, Gravitt PE,
Stoerker J. Human papillomavirus prevalence in preg-
nancy. Obstet Gynecol 1992;79:649-56.

154 Smith EM, Johnson SR, Jiang D, et al. The association
between pregnancy and human papilloma virus preva-
lence. Cancer Detect Prev 1991;15:397-402.

155 Franceschi S, Doll R, Gallwey J, La Vecchia C, Peto R,
Spriggs AI. Genital warts and cervical neoplasia: An
epidemiological study. BrJ Cancer 1983;48:621-8.

156 Daling JR, Sherman KJ, Weiss NS. Risk factors for
condyloma acuminatum in women. Sex Transm Dis
1986;13:16-8.

157 L6rincz AT, Schiffman MH, Jaffurs WJ, Marlow J,
Quinn AP, Temple GF. Temporal association of
human papillomavirus infection with cervical cytologi-
cal abnormalities. Am Y Obstet Gynecol 1990;162:
645-51.

158 Mitrani-Rosenbaum S, Tsvieli R, Tur-Kaspa R.
Oestrogen stimulates differential transcription of
human papillomavirus type 16 in SiHa cervical carci-
noma cells. J Gen Virol 1989;70:2227-32.

159 Pater A, Bayatpour M, Pater MM. Oncogenic transfor-
mation by human papillomavirus type 16 deoxyribonu-
cleic acid in the presence of progesterone or progestins
from oral contraceptives. Am J Obstet Gynecol
1990;162:1099-1103.

160 Monsonego J, Magdelenat H, Catalan F, Coscas Y,
Zerat L, Sastre X. Estrogen and progesterone recep-
tors in cervical human papillomavirus related lesions.
IntJ'Cancer 1991;48:533-9.

161 Schiffman MH, Haley NJ, Felton JS, et al. Biochemical
epidemiology of cervical neoplasia: measuring cigarette
smoke constituents in the cervix. Cancer Res 1987;47:
3886-8.

162 Barton SE, Maddox PH, Jenkins D, Edwards R, Cuzick
J, Singer A. Effect of cigarette smoking on cervical
epithelial immunity: a mechanism for neoplastic
change? Lancet 1988;2:652-4.

163 Herrero R, Brinton LA, Reeves WC, et al. Invasive cervi-
cal cancer and smoking in Latin America. J Nad
Cancer Inst 1989;81:205-1 1.

164 Schneider A, Shah K. The role of vitamins in the etiol-
ogy of cervical neoplasia: an epidemiological review.
Arch Gynecol Obstet 1989;246:1-13.

165 Butterworth CE, Hatch K, Macaluso M, et al. Folate
deficiency and cervical dysplasia. JAMA 1992;267:
528-33.

166 Tsang SS, Li G, Stich HF. Effect of retinoic acid on
bovine papillomavirus (BPV) DNA-induced transfor-
mation and number of BPV DNA copies. Int J Cancer
1988;42:94-8.

167 McMichael H. Inhibition of growth of Shope rabbit
papilloma by hypervitaminosis A. Cancer Res 1965;
25:947-55.

168 Manos MM, Ting Y, Wright DK, Lewis AJ, Broker TR,
Wolinsky SM. The use of polymerase chain reaction
amplification for the detection of genital human papil-
lomaviruses. Cancer Cells 1989;7:209-14.

169 Snijders PJ, van den Brule AJ, Schrijnemakers HF, Snow
G, Meijer CJ,, Walboomers JM. The use of general
primers in the polymerase chain reaction permits the
detection of a broad spectrum of human papillo-
mavirus genotypes. Jf Gen Virol 1990;71:173-81.

170 Lorincz A. Diagnosis of human papillomavirus infection
by the new generation of molecular DNA assays. Clin
Immunol Newsletter 1992;12:123-8.

173


